Introduction and Summary of Results
Work on Mo i was started at the National Bureau of Standards more than 30 years ago and has continued intermittently here ever since. Recently, a new description of the spectrum was made from spectrograms obtained over this period with NBS spectrographs. This paper has a two-fold purpose: (1) to report preliminary results for the analysis of the low even configurations from this latest description of Mo i, and (2) to describe the theoretical calculation of the term values of these configurations.
(1) The molybdenum atom has 42 electrons of which the outer six give rise to the first spectrum. These electrons arrange themselves into the three configurations, 4d 4 5s 2 , 4d 5 5s, and 4rf 6 giving rise to low even terms, and into other configurations having higher even and odd terms. Previous work on the analysis of Mo i has been published by Kiess [I], 1 Catalan [2] , Meggers and Kiess [3] , and Catalan and Madariaga [4] . The last paper contains the most complete published analysis, which consists of 119 quintet and septet levels; it includes the a 7 S ground state and all the low quintet terms, except a 5 F and the levels a 6 D 0 and c 5 D X . In the present investigation 44 new triplet and singlet levels of the low even configurations have been identified. We are in indebted to C. C. Kiess for permission to use some of his unpublished levels, which include the a 5 F term and the levels c 6 49 levels of 18 terms of the 4d 5 5s configuration, and 9 levels of 3 terms of the 4rf 6 configuration. A complete list of the known levels of these configurations is given in table 1. The successive columns of the table give the configuration, term designation, Jvalue, level, interval, and observed <7-value. In table 1 the levels known prior to the present investigation are starred (*). 2 (2) Some observed term values in Mo i are more than 2000 cm" 1 from the positions calculated with the Slater first-order theory [5] from the formulas given by Laporte and Platt [6] for the d 4 (and d 6 ) configurations and by Catalan and Antunes [7] and by Laporte [8] for the d 5 configuration. A theoretical calculation shows that these deviations can be largely explained by inclusion of the effect of configuration interaction among the three lowest configurations. This calculation also helped in identifying certain levels and in predicting the locations of new terms.
The method of treating the second-order effects of configuration interaction has been outlined by Condon [10] . Calculations of the matrix elements of configuration interaction for configurations with dand s-electrons have been made by Ufford [11] and by Racah [12] . Several comparisons with experiment have been made in spectra with 3d and 4* electrons [13 to 16]. Ufford's calculation for Zrn [11] furnishes the only detailed comparison between theory and experiment in spectra with 4d and 5s electrons; this calculation shows that the effects of configuration interaction are very strong in Zr II, just as in Mo i. The spectra with 4d electrons are thus favorable for the study of configuration interaction in contrast to spectra with 3d electrons where effects of configuration interaction are not very pronounced. Moi is especially favorable because its configurations give rise to a large number of terms; nearly half of these already have been found experimentally, so that the theory can be tested in many instances. A study of Moi also furnishes information about polarization effects. A major fact is that the L{L-\-\) correction, found by Trees to apply in the 3d 5 As configuration of Fein [16] is shown to be applicable also in the 4d 5 5s configuration of Moi. The L(L+1) correction is an empirical one that corresponds rather closely to the difference between theory and experiment in the configurations with 3d-and 4s-electrons that have been compared so far with theory [15 to 18] . It represents, therefore, that part of the polarization energy that cannot be accounted for by choosing most favorable values for the radial integrals in the Slater theory.
f Kacah has pointed out [17] 
tions for all n values is evidence that the polarization energy can be treated linearly, just as the electrostatic interaction is considered in the Slater firstorder theory. The fact that we obtain good agreement when the L(L-\-l) correction is used as a linear correction for the strongly interacting configurations of Mo i is additional evidence of the linear behavior of the polarization energy. The assumptions needed to justify theoretically a linear treatment of second-order effects in Racah's work have not been published, but they would not necessarily justify a linear treatment when configuration interaction is present. Thus a strong demonstration of linearity (or of deviations from linear behavior) in such cases should supply significant new data to check any theory that is developed. However, the L(L-\-l) correction contributes only about half as much to the term energies in Moi as it does to the corresponding terms in Fein. Since the correction is relatively small, the agreement obtained is not very strong evidence for the validity of the linear treatment. It is possible that more definite evidence will be found when the experimental analysis of Moi has been fiarried to completion.
The smallness of the L(L+1) correction in Mo i, as compared to Fein, may be a result of the general tendency of the deviations between theory and experiment to get smaller in the heavier elements. 3 It has already been noted that the magnitude of the correction is fairly constant in spectra of the iron group [17] , but no information is available with respect to the variation in magnitude for unrelated spectra. This variation should provide additional fundamental information about the polarization effects.
Application of Theory to Analysis of Data
The Slater theory, extended to include effects of configuration interaction, has been checked against experiment in many cases, but is not often used to aid the experimental analysis. In the theoretical calculation, the Slater integrals are regarded as arbitrary parameters and are evaluated to obtain best agreement with the known terms of the spectrum. A minimum number of terms must be known experimentally before the calculation can be started, and this minimum is larger the more parameters there are to be evaluated in the theory. In practice more than the minimum number of terms should be known experimentally, so that inaccuracies in the theory will tend to compensate each other.
The theoretical estimate of term positions can be made more accurate by applying the L(L+1) correction to the Slater theory. By using this correction it is usually possible to predict the positions of terms within limits of ±400 cm" 1 , so that the search for new levels can be concentrated to a narrower region of wave numbers than is usually possible without it.
The theoretical calculation, including configuration interaction is discussed in detail in section 4.
Limitations Imposed by Magnetic Interactions
In general, Mo i shows good i/S-coupling, and it is possible to group its levels into terms with relatively small intervals and to neglect spin-orbit interaction in the theoretical calculation. The homologous spectrum of Cr i was useful in the experimental analysis in indicating whether terms were regular or inverted and had large or small intervals. However, in a few cases, overlapping of terms in Mo i produces strong magnetic interactions, as indicated by the distortion of the intervals of the terms and by the mixing of the g-values of the interacting levels. In such cases, the determination of the L-and Svalues of the levels is difficult, and the assignments given may be partly arbitrary, just as the assignment of a configuration and a parent term may be partly arbitrary when the configuration interaction is strong. Qualitative estimates of the effects can be made by examining the term intervals and the g-values.
The clearest example appears in the interaction between the a 3 D and a z P terms. If we assume that the a z F 0 and a 3 D 3 levels are relatively unperturbed, the large intervals between the level a 3 P 0 and the levels a Pi levels. The present assignment was made in order to keep the term intervals as small as possible; this assignment also gives better agreement with the multiplet-intensity rules.
Considerable mixing of levels occurs in the region between 26400 and 27800 cm" 1 , where there are 13 levels belonging to four triplet terms and one singlet term. Because of the strong magnetic interactions between levels, some of the assignments of levels to terms are not definite. Strong ^-sharing is found between the levels having J=3 and </=4, and only the #-sums are preserved.
The mixing of levels due to magnetic interaction affects the way they combine, so that the combination properties also indicate qualitatively the presence of the magnetic interactions. Thus the b 3 F 3 and b 3 G 3 levels and also the b 3 F 4 and b 3 G 4 levels combine in a very similar manner with most of the same odd levels, and the a ^o term combines with most of the levels with which the a 3 P 0 level combines. Many combinations with i-values differing by 2 or 3 and mlutiplicities differing by 1 or 2 were observed with the few well-identified odd terms that are known. Little has been done toward assigning L-and ^-values to the majority of the odd levels. When that phase of the analysis is carried out, more assistance may be obtained in identifying the even levels by considering combination properties. It is probable that the analysis of the odd levels will be complicated by the presence of magnetic and configuration interactions.
Calculated Term Values
The matrices for the energy of terms in the rf 6 [15] . The classification of terms in a configuration d n must be amplified to distinguish between terms with the same S-and i-values, and Racah/s classification in terms of seniority number has been used in setting up the matrices of Appendix 1 (the prefixed subscripts indicate the seniority number). A fact of importance in understanding this classification is that a term in the d 5 s configuration is usually characterized by a single seniority number that differentiates terms with the same S-and i-values. Terms of the same S-and Lvalues in the rf 4 s 2 and d 6 configurations are not characterized by a single seniority number because there is a nonzero, nondiagonal element in that part of the matrix of Appendix 1 that refers to the single configuration being considered. The L(L+1) correction [16] has not been included in these matrices; to include it a term aL(L+l) must be added to each element in the main diagonal.
The method used to evaluate the parameters is considerably simpler than the usual method [13] ; it has been given in detail with the idea that it may help in future applications of the theory to the analysis of experimental data. Although the procedure is probably generally applicable, it is justified chiefly by the good over-all agreement obtained in the final result.
Radial Parameters for the 4d 5 5s Configuration
In the d 5 s configuration the five parameters, A, B, C, G 2 , and a, must be evaluated. This is done with the seven observed levels that are not perturbed by configuration interaction, and the three additional -d« s matrix elements. Some of his elements differ in sign from the elements in Appendix I; it is believed that the present choice of phase cotresponds to that already established by Racah. observed terms that enter into the 3X3 matrices. 4 The last three observed values were corrected for the effects of configuration interaction before inclusion in the analysis. 5 The value G 2 = 1,795 is taken as one-sixth the separation between the a 7 S and a 5 S terms. These two terms are usually well separated from other terms that can interact with them magnetically, and any magnetic interactions present will have a minimum effect on the value of G 2 because of the large mutual separation of the 4 and d & configurations [18] . Six of the 10 terms used in the parameter evaluation have parent terms with seniority number 5, and four have parent terms with seniority number 3.
In table 2 the term values are calculated without the i(i+l) correction in the two columns headed (1); the mean deviation between theory and experiment is ±416 cm"
1 . In the columns headed (2), the calculation is given with the L(L-\-l) correction, and the mean deviation is reduced to ±170 cm"
1 . The latter agreement is probably as good as can be expected when magnetic interactions are neglected, as the discussion in Appendix 2 indicates. 4 These are the terms listed in table 2. The three terms that were corrected are 5DHd&H 5 It is assumed that the experimentally observed term values are the eigenvalues of the matrices. .The nondiagonal elements of the matrices are estimated as closely as possible from considerations similar to those in section 4.3. The corrected observed values are then the diagonal elements that would be required to lead to the assumed eigenvalues. The correction is a function only of the value assumed for the interaction parameter Hi. B ecause the estimated value Hi=348 is not much different from the final evaluation H2=357, the inclusion of these corrected terms in the analysis will not reduce the accuracy.
Parameters for the 4c?
4 5s 2 and 4d 6 
Configurations and Positions of Unperturbed Terms
It is usually assumed that the parameters are equal in all configurations of the same atom when they are defined by radial integrals having electrons with the same n-and Z-values; this is the assumption made by Ufford [11] . To obtain the full agreement possible with the L(L-\-l) correction, it is necessary to assume that the parameters are independent when they occur in different configurations. To reduce the number of parameters that must be evaluated, it would otherwise have been preferable to use the more usual assumption. Considerations relating to these two approximations have been presented in reference [13] .
Only ) is also used in these two configurations. In either configuration the three terms chosen can be calculated with two independent parameters, each of which is a linear combination of parameters A, B, C, and a. 6 Some confirmation of the theory can therefore be obtained at this stage of the calculation, since two parameters are used to explain three observations. The least-squares calculation is given in To obtain values of all four parameters it was necessary to make two assumptions. The first of these is that a=38 in the d A s 2 and d 6 configurations, which makes the value of a agree with the value already determined in the d 5 s configuration [17, 18] . Because the Z(X+1) correction does not apply as well in the d 4 s 2 and d Q configurations [18] , it is hard to give a general procedure for evaluating a in these configurations. In Mo i, however, the fact that a is small makes errors in evaluating it less important, so that this first assumption should lead to little 6 It can easily be verified from the formula in Appendix 1 that the energies are given by the formulas: *T>=X-21Y; 3H=X-17Y;
J I=X-15F; where X"4+21C+132 Y 5+0+6
error. The second assumption made was that the ratio of F± to F 2 (or of B to C) In the columns of table 4 headed (1) are given the positions of the terms calculated with the parameters evaluated in this and section 4.1. The mean deviation of ±2391 cm" 1 will be largely explained in the following section, when the effects of configuration interaction are considered. Besides indicating the magnitude of the configuration interaction, the unperturbed positions of the terms determine the configuration and parent of the observed terms (whenever either of these is uncertain), as outlined in section 4.4.
Interaction Parameters: Term Values With Configuration Interaction
Three parameters are required to define the elements of configuration interaction. 2 , is needed to include the effects of configuration interaction in the calculation. When more terms are known experimentally, it may be possible to check these assumptions. The agreement obtained with the terms that are known at present does not seem to depend very critically on the values assumed for the radial parameters in the interaction elements between cerms of the d* and either the d 5 s or d* s 2 configurations, and the assumptions are really approximations for the values of the two parameters entering into these interactions.
The parameter H 2 can be evaluated, so that exact agreement with any one experimental value is obtained by finding linear formulas for the eigenvalues of the matrix [13] ; the iteration procedure is convenient for finding the eigenvector needed in making this calculation. , respectively. The consistency of these values is a very good check on the theory, particularly when it is noted that the low value for a 3 P can be explained by consideration of magnetic effects (Appendix 2). If the term a z P is omitted, the average of the other four terms leads to the value #2=357 (10^2=1130 was used in the calculations).
The columns of table 4 headed (2) give the term values calculated with configuration interaction included, by using the values of the parameters determined in this and the two preceding sections. 8 The mean deviation between theory and experiment is ±273 cm" 1 ; by omitting the a 3 P term, it is ±222 cm" 1 . The b s ¥ term also shows a large error, which may not be magnetic in origin; the source of this error is unknown. If this term also is omitted, the mean deviation for the other 27 terms is reduced to ±168 cm" 1 , which is the mean deviation most representative of the over-all agreement obtained. 8 The characteristic equation for the eigenvalues was determined by the Danielewsky method as described by H. Wayland, Quart. Applied Math. 2, 277 (1944) . The best confirmation of the theory comes from the fact that seven of the eight observed values not used to determine the parameters were predicted within limits of twice the mean deviation (that is, within the limits ±336 cm" 1 ). Several other levels used in evaluating parameters could have been omitted without any loss in accuracy, as the preliminary calculation showed. The calculated term values under the headings (1) and (2) of table 4 are compared graphically in figure 1 (only those terms that have been experimentally observed are shown). Another shortcoming of this method of classification is that the name of the term may have little physical significance. When the configuration interaction is weak, the dominant component of the eigenfunction is indicated, but this need not be the case when the configuration interaction is strong. The percentage compositions of the three lowest 3 D levels and the three lowest 3 P levels are given in table 5 as representative examples. It will be noted that if the classification were made to correspond to the dominant component of the eigenfunction, the assignments for a 3 D and 6 3 D and for a 3 P and 6 3 P would be reversed. This sort of discrepancy will generally not arise when the unperturbed levels are well separated, as is the case for c This work has been carried out in the Spectroscopy Section of the National Bureau of Standards. W. F. Meggers, Chief of this Section, has given it his wholehearted support. C. C. Kiess, who suggested this problem, has given generously of his time and valuable advice throughout the course of the work. It is a pleasure to express to them our gratitude for their interest and expert guidance.
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